Abstract
Introduction
Intuitionistic fuzzy sets (IFSs), developed by Atanassov (1986) , Atanassov and Gargov (1989) , is a powerful tool to deal with vagueness [1] [2] [3] . A prominent characteristic of IFSs is that it assigns to each element a membership degree and a non-membership degree, and thus, the IFSs constitutes an extension of Zadeh's (1965) fuzzy set, which only assigns to each element a membership degree [4] . In the last two decades, many authors have paid attention to the IFSs theory which has been applied in many areas such as medical diagnosis [5, 6] , pattern recognition [7, 8] , and decision making problems [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Presently, an active research topic is the investigation of multiple attribute decision making by introducing intuitionistic fuzzy aggregation operators. , Xu (2007a) examined geometric and arithmetic aggregation operators, respectively [9, 10] . Xu (2007b) investigated methods for aggregating interval-valued intuitionistic fuzzy information, and some operational laws of interval-valued intuitionistic fuzzy numbers (IIFNs) and the score function and accuracy function of IIFNs were defined. Based on these two functions a method for ranking IIFNs was presented, and an approach for decision making with interval-valued intuitionistic fuzzy information was developed [11] . Multiple attribute decision making under IFSs was further investigated by Li (2005) , where a series of optimization models were introduced and manipulated to generate optimal attribute weights [12] . The applications of IFSs are also extended to decision situations involving multiple decision-makers (DMs): Szmidt and Kacprzyk (2002) put forward some solution concepts in group decision making with intuitionistic fuzzy preference relations [13] , and Szmidt and Kacprzyk (2003) further investigated how to reach consensus with intuitionistic fuzzy preference relations [14] . Atanassov, Pasi and Yager (2005) also presented an algorithm for multi-person multi-attribute decision making with crisp weights and intuitionistic fuzzy attribute values [15] . Xu (2007c) defined consistent, incomplete, and acceptable preference relations and developed another approach to group decision making under the intuitionistic fuzzy environment [16] . Boran, Genc, Kurt and Akay (2009) proposed a TOPSIS method combined with IFSs to select appropriate supplier in group decision making environment [17] .
However, most of the literatures previously mentioned use IFWA operator to aggregate decision information, which suffers from high computation complexity and time consuming even though it works well. In fact, under some condition intuitionistic fuzzy numbers (IFNs) can be transformed into intervals which are easy to be aggregated to real values according to the risk preference of DMs by some operators. This means an uncertain decision problem might be converted into a certain one which is much easier to solve. Yager (1988) introduced an ordered weighted averaging (OWA) operator, which has as its argument a finite collection of values [18] . It aggregates these values into a single one. The fundamental aspect of the OWA operator is a reordering step in which the input arguments are rearranged in descending order. Later Yager (2004) further developed a continuous ordered weighted averaging (C-OWA) operator, which is an extension of the OWA operator to the case in which the given argument is a continuous valued interval rather than a finite set of arguments [19] . However, C-OWA operator is merely suitable for one continuous valued interval but not for multiple ones. So, Xu (2005) extended C-OWA operator to weighted C-OWA (WC-OWA) operator, ordered weighted C-OWA (OWC-OWA) operator, and combined C-OWA (CC-OWA) operator for dealing with multiple continuous valued intervals, and then applied them to uncertain multi-attribute decision making [20] . Since C-OWA-based operators are somewhat unsuitable for solving multiplicative decision making problems under uncertainty, developed a continuous ordered weighted geometric (C-OWG) operator, and presented its application to decision making with interval multiplicative preference relation [21] . Enlightened by that, Chen, Liu and Wang (2008) first developed a continuous interval argument OWH (C-OWH) operator for aggregating continuous interval arguments on the basis of ordered weighted harmonic (OWH) averaging operator which was a kind of method for aggregating discrete arguments and introduced by Chen, Liu and Sheng (2004), and then proposed some new concepts, such as weighted harmonic C-OWH (WHC-OWH) operator, ordered weighted harmonic C-OWH (OWHC-OWH) operator, and combined C-OWH (CC-OWH) operator, utilizing these operators in the range of uncertain multi-attribute group decision making with intervals [22, 23] .
In this paper, we first present a method for aggregating IFNs and IIFNs with C-OWA operator to real values, and then utilize it to handle a complicated multi-attribute group decision making problems, where the characteristics of the alternatives are represented by IFNs. Experimental study examines the feasibility and validity of the method which is characterized by clear concept, small calculation, and easy machine implementation. Atanassov (1986) generalized the concept of fuzzy set and defined the concept of IFS as follows.
Aggregation over IFNs and IIFNs

1. IFNs and IIFNs
IFS A in a finite set X is an object having the following form:
are membership function and non-membership function, respectively, with the condition
, known as the intuitionistic fuzzy index or hesitation degree of
It is obviously seen that for
for all elements of the universe, the ordinary fuzzy set concept is recovered. Atanassov and Gargov (1989) further presented the concept of interval-valued intuitionistic fuzzy sets (IIFSs) as follows.
A C-OWA Operator-based Method for Aggregating Intuitionistic Fuzzy Information and Its Application to Decision Making under Uncertainty Kaihong Guo, Wenli Li IIFS Ã in a finite set X is an object having the following form:
where
Xu and Yager (2006) first defined an IFN as
where 
and the accuracy function of α as
For an IIFN
and the accuracy function of α
Please refer to [10, 11] for the specific usage of these two types of function for comparison between IFNs or IIFNs.
Aggregating Methods for IFNs and IIFNs
Now let's see C-OWA operator. It was introduced by Yager (2004) and utilized to aggregate continuous intervals [19] , that is, 
BUM function ρ can be determined by the risk preference of DMs, i.e., the aggregated value derived by the C-OWA operator is associated with the attitudinal character of ρ , and we usually take 
For IIFNs, assuming 
From (15) and
Aggregation over IFNs or IIFNs is a useful method for the simplification of decision making under uncertainty since an uncertain decision problem with it could be converted into a certain one which is much easier to solve. Take the comparison between two IFNs for example. For [10] .
Take another example of comparison between two IIFNs. For which is supposed to be more reliable.
Experimental Study
An automotive company is desired to select the most appropriate supplier for one of the key elements in its manufacturing process. After pre-evaluation, five suppliers have remained as alternatives for further evaluation. In order to evaluate alternative suppliers, a committee composed of three decision makers has been formed. Four criteria are considered as: C 1 : Product quality, C 2 : Relationship closeness, C 3 : Delivery performance, C 4 : Price. The linguistic terms shown in Table 1 are used to rate each alternative supplier with respect to each criterion by three DMs. The ratings given by DMs to five alternatives are shown in Table 2 . [17] 
For convenience, we make use of some intermediate results by [17] . We first use IFWA operator to aggregate the decision information from Table 2 (14) we easily get the real decision matrix M ′ transformed from M , and the real weight vector W ′ from W , respectively. It should be noted that C 4 is cost criterion, so some correction must be given to M ′ , that is, we let which is obtained by [17] through TOPSIS method combined with IFWA operator and suffers from much complicated calculation and time consuming. 3 A is selected as appropriate supplier among the alternatives, the same as that of [17] . The two ranking results are almost the same, but our method is much convenient to use, characterized by clear concept, small calculation, and easy machine implementation.
Conclusions
IFSs are suitable way to deal with uncertainty, but operators on them are complex in computation even though they work well. This study presents a C-OWA operator-based method to make aggregation over IFNs and IIFNs more easy and convenient, and it can also be applied to complicated decision making under uncertainty. In this case, an uncertain decision problem might be converted into a certain one which is much easier to solve. Experimental study examines the feasibility and validity of the proposed method which is characterized by clear concept, small calculation, and easy machine implementation. It should be noted that although the method can decrease the complexity of decision making under uncertainty, extravagant usage of it might cause great decision information loss and effect ranking results.
